Background: Adnexal masses are a common clinical problem in gynecology. Most adnexal masses are benign, but few of them are malignant. An accurate diagnosis is essential for adequate management. There is a possibility to make a distinction between benign and malignant adnexal masses using two-dimensional grayscale ultrasound (2D-US) and color Doppler ultrasound, which are the best imaging techniques for that purpose. Objective: To review current state-of-art of 3D/4D ultrasound in assessing ovarian masses. Materials and methods: Narrative review of literature published from 1995 to 2017 using 3D/4D ultrasound for assessing adnexal masses masses. Results: Three-dimensional ultrasound (3D-US) has become a routine practice in many gynecologic ultrasound laboratories because it overcomes the limitations of two-dimensional ultrasound (2D-US). This technique allows a surface rendering of the internal aspect of the cyst's wall. It can also present the masses in new different ways, such as "inversion mode" or "silhouette mode" or it can represent the vascular tree of the tumor using a 3D reconstruction, or even allowing a unique way for estimating the amount of vessels within the tumor or a part of the tumor. The reproducibility of 3D-US performed by different sonographers has been assessed in several studies. All of them have found that this technique is reproducible among different observers. The main limitations of all the studies are a few cases compared to the high prevalence of malignancies. Conclusion: 3D-US probably have better diagnostic performance than 2D-US assessing malignancies in adnexal masses. However, betterdesigned studies are needed to draw definitive conclusions.
IntroductIon
Adnexal masses are a common clinical problem in gynecology. Most adnexal masses are benign, but few of them are malignant. An accurate diagnosis is essential for adequate management. There is a possibility to make a distinction between benign and malignant adnexal masses using two-dimensional ultrasound (2D-US) and color Doppler ultrasound, which are the best imaging techniques for that purpose. 1 However, there is still a group of masses difficult to classify. 2 Three-dimensional ultrasound has become a routine practice in many gynecologic ultrasound laboratories because it overcomes the limitations of 2D-US. 3 This technique allows a surface rendering of the internal aspect of the cyst's wall. It can also present the masses in new different ways, such as "inversion mode" or "silhouette mode" or it can represent the vascular tree of the tumor using a 3D reconstruction, or even allowing a unique way for estimating the amount of vessels within the tumor or a part of the tumor. 4 In this article, we review the role of three-dimensional ultrasound (3D-US) in the evaluation of adnexal masses.
three -dImensIonAl GrAy s c A l e ultrAsound
Grayscale 3D-US aims to depict the macroscopic features of a given adnexal mass by using different ways of renderization.
Using surface rendering, Bonilla-Musoles et al. reported that 3D-US enabled the visualization of papillary projections in the inner surface of the mass missed in 7% of the cases by 2D-US. They found that the sensitivity of 3D-US was higher compared to 2D-US (100% and 80%, respectively) and specificity was similar for both techniques (100% and 99%, respectively). 5 However, Hata et al., using a similar approach, found that 3D-US showed higher specificity than 2D-US (92.3% and 38.4%, respectively) with identical sensitivity (100%). 6 Forty-one women with complex adnexal masses detected by Alcázar et al. on 2D -US underwent 3D-US for further assessment. 7 They found that 3D-US showed better sensitivity (100% vs 90%) and specificity (78% vs 61%) than 2D-US for predicting ovarian malignancy, although the differences did not show statistical significance. However, 3D-US reinforced examiner's diagnostic impression (Figs 1 to 4). Laban et al. also observed that 3D-US was more sensitive (90% vs 81%) and specific (84% vs 79%) than 2D-US. 8 The main limitations of these studies are a few cases in comparison with the high prevalence of malignancy.
Several studies have assessed the reproducibility of 3D-US performed by different sonographers in several studies. All of them have found that this technique is reproducible among different observers. [9] [10] [11] 
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In conclusion, after reviewing these studies, 3D-US probably have better diagnostic performance than the 2D-US for prediction of malignancies in adnexal masses, hence better-designed studies are needed to draw definitive conclusions.
There are some reports have assessed the role of other rendering modes. Hydrosalpinx could be diagnosed by the use of inverted mode as shown by Timor-Tirtsch et al. 12 (Fig. 5 ). Ovarian endometrioma can be easily diagnosed by 2D-US if the so called Kurjak et al. in their pioneering work 14 used three-dimensional power Doppler ultrasound (3D-PDU) for the differential diagnosis of ovarian tumors, and since then there are many reports using this technique for the same purpose.
three -dImensIonAl Power doPPler ultrAsound
Three-dimensional power Doppler angiography (3D-PDA) is a powerful tool for a depiction of the vessel tree of ovarian tumors. The examiner can analyze the reconstructed vascular tree 14 (Figs 6 and 7) . Dedicated software three-dimensional power Doppler can be used to calculate from the tissue or organ indices using the manual mode ( Fig. 8 ) or the spherical mode ( Fig. 9 ).
Cohen et al. evaluated 71 complex adnexal masses using this technique. Addition of 3D-PDU improved the specificity of 2D-US (75% vs 54%), with an identical sensitivity (100%) for both techniques. 15 The limitation of their study was that they missed to use 2D conventional color Doppler or 2D power Doppler.
Alcázar et al. compared the 2D power Doppler and 3D power Doppler, and did not compare the differences between the two techniques in terms of diagnostic performance. 16 Kurjak et al. were the first who used 3D-PDA to discriminate between benign and malignant ovarian tumors by depicting tumoral vascular tree architecture. 14 By including 3D-US tumor vascular tree architecture and 2D-US morphological features, they developed a scoring system to discriminate between benign and malignant tumors. The presence of chaotic vessel arrangement and complex branching pattern by 3D-PDA were criteria of malignant tumors. In two different investigations, they found that 3D-PDU/2D-US-based scoring system was better than 2D-US alone. 14, 17 Chase et al. analyzed vascular architecture was assessed by 3D-PDU in a series of 66 women diagnosed with an adnexal mass by Chase et al. with the presence of chaotic vessel pattern as a criterion for malignancy suspicion. They concluded that by using 3D-US for the assessment of the vascular tree, it enabled to make a distinction of benign from malignant ovarian masses. 18 Mansour et al. evaluated the vascularity patter of adnexal masses in 400 patients by 3D-PDU. The pattern of vascularity of the masses was interpreted as avascular, parallel, or chaotic. A chaotic pattern was suggestive of malignancy, while avascular and parallel patterns were found in benign masses. The diagnostic performance of the risk of malignancy index (RMI) can be improved by adding 3D-PDU information to the RMI. 19 Kalmantis et al. found that the sensitivity and specificity of 2D-US increased when added 3D-PDA. 20 However, Laban et al. used the criteria proposed by Kurjak in a series of 50 selected women with complex adnexal masses, reporting that 3D-PDU was not superior to 2D-PD. 8 After this report, other studies from Sladkevicius et al., 21 Alcázar et al., 22 and Dai et al. 23 reported similar findings.
More recently, there are some case reports showing that the 3D-PDU silhouette mode might be useful. 24 However, data are still too scanty to draw any conclusion.
It can be concluded, that albeit potentially interesting, the assessment of the tumoral vascular network by 3D-PDA has yielded conflicting results and its use is controversial.
Alcázar et al. were the first to suggest that the assessment of objective quantification of tumor vascularization by using 3D-PDU vascular indices (namely VI, FI, and VFI) within the most suspicious vascularized area from the tumor. In a selected series of 69 solid and cystic-solid masses with vascularization within the solid component, using manual sampling, they reported that all 3D-PDU vascular indices were significantly higher in ovarian cancer compared with benign tumors. 25 Geomini et al. evaluated 181 women with adnexal masses diagnosed by transvaginal ultrasound, including vascular assessment of the whole tumor. They found that FI, but neither VI nor VFI, was significantly higher in ovarian cancer. 26 The use of a virtual 5-cc spherical sampling from the most vascularized area from the tumor was proposed as a different approach by Jokubkiene et al. 27 They found that 3D-PDU vascular indices from the spherical sample were higher in ovarian cancers compared with benign tumors. However, they concluded that this information added no value to that obtained using grayscale Figs 9A and B: (A) Three-dimensional vascular sampling from the same ovarian tumor as shown in Figure 8 , but using the spherical mode (volume: 1.052-cc) from the most vascularized area; (B) Three-dimensional vascular indices within this sphere are calculated; note that values are higher than the valves as shown in Figure 8 assessment by an expert sonologist. Later on, Kudla et al. suggested the use of 1-cc spherical sampling instead of 5-cc. 28 They also reported that the 3D-PDU indices were significantly higher in ovarian cancer.
Abbas et al. compared the assessment of tumoral vascular network and 3D-PDA derived indices that were higher in ovarian cancer, but nevertheless, they concluded that the vascular network assessment was better compared with 3D-PDU derived indices. 29 Notwithstanding, three studies did not show differences in 3D-PD indices between benign and malignant ovarian tumors. [30] [31] [32] Alcázar et al. showed that both manual and spherical sampling assessments were reproducible between observers. [33] [34] [35] Some studies have shown that the use of 3D-PDU vascular indices could improve the specificity of morphological grayscale and 2D-PDU in selected ovarian tumors, which are difficult to classify using the latter technique. Manual sampling method was used by Alcázar and Rodriguez in 143 adnexal masses with vascularized solid components. Using a cutoff VI > 1.556% for classifying tumors as malignant, these authors reported that specificity improved a 33% retaining similar sensitivity. 36 In a series of 138 women classified as malignant using 2D-US and 2D-PD by Kudla and Alcázar. They used 1-cc spherical sampling instead of manual sampling. Using a cutoff of VI > 24.015%, 20 out of 26 benign tumors in this series were correctly classified as benign (specificity: 77%) while 91% of malignant tumors were correctly classified as malignant. 37 Vrachnis et al. also found in a small series that the use of 3D-PDA could add valuable information to conventional 2D-US. 38 However, a prospective study reported by Utrilla-Layna et al. using the same method and cutoff for VI as proposed by Kudla and Alcázar, found that the 3D-PDU used as a third-step in the differential diagnosis of ovarian tumors did not improve the diagnostic accuracy of conventional 2D-PD ultrasound. However, a suspicious VI (>24.015%) significantly increases the probability of malignancy. 39 Silvestre et al. also reported that three-dimensional power Doppler indices have low accuracy for discriminating between benign and malignant tumors classified as inconclusive when using International Ovarian Tumor Analysis group (IOTA) simple rules. 40 Some studies have used contrast-enhanced 3D-PDU. Huchon et al. reported that using contrast agent improved the visualization of vascular network and 3D-PDA derived indices were higher in malignant compared with benign tumors. They concluded that 3D-PDU could be useful in those cases 2D-US diagnosis was uncertain. 41 Zhang et al. also reported that contrast-enhanced 3D-PDA could add valuable information in uncertain masses than 2D-US. 42 Hu et al. reached similar conclusions in their study focused on small ovarian masses, reaching 100% accuracy. 43 However, it should be borne in mind that the actual significance of these indices is not fully understood, there are some important technical limitations of this technique and standardization is lacking, and its potential use in clinical practice is debated. [44] [45] [46] [47] 
Four -dImensIonAl Power doPPler ultrAsound
Because of the problems mentioned above in using 3D-PDU, some authors have proposed the use of the spatiotemporal image correlation technique, the so-called 4D angiography. 48 This technique allows a detailed estimation of blood flow changes in the tissue under investigation within one cardiac cycle (Fig. 10 ). Using this technology, a new volumetric vascular index has been developed, the volumetric pulsatility index (vPI). 49, 50 This index should be low when the blood flow increases in a given organ. In fact, Kudla and Alcázar demonstrated this in the ovaries of women with polycystic ovarian syndrome. 51 Alcázar et al. have reported a prospective study using a similar design than Utrilla-Layna et al. They found that vPI was significantly lower in malignant tumors compared to benign ones. However, the addition of 4D angiography did not improve the overall diagnostic performance. 52 This could be explained by the fact that the number of cases in which 4D angiography was used was small.
In conclusion, the use of 3D-PDU and 4D angiography should be restricted to the research field and it should not be used in the clinical setting.
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